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Experimental glomerulonephritis induced in rats by a lectin and
its antibodies
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Experimental glomerulonephritis induced in rats by a lectin and its
antibodies. The aim of the present study was to investigate the events
following interaction of antibody with an antigen planted on the surface
of glomerular endothelial cell (GEN). A lectin, Helix pomatia agglutinin
(HPA), was planted at the surface of rat GEN by the perfusion of the
isolated left kidney with neuraminidase (NRD) and HPA. A subsequent
perfusion with IgG fraction, but not with Fab fragments, of rabbit
anti-HPA serum induced formation of granular immune deposits (IDs)
on the surface of GEN. When the left kidney was revascularized after
initial formation of IDs, acute glomerulonephritis ensued. Fifteen
minutes after revascularization, granular IDs were observed at the
subendothelial space. Two days later, there was decrease of subendo-
thelial IDs with concomitant appearance of subepithelial IDs. At the
seventh day, IDs were mainly localized in the subepithelial space. The
results suggest that this model of experimental glomerulonephritis is
characterized by: (I) initial formation of HPA immune complexes (ICs)
at the surface of GEN; and by (2) subsequent movement of ICs from
luminal side to subepithelial area with local formation of IDs. The
results are relevant to the understanding of the kinetics of ICs resulting
from interaction of antibodies with exogenous antigens "planted" in the
glomerular capillary walls, and of the local formation of IDs.
Our knowledge about the mechanisms responsible for in situ
formation of IDs in the glomerular capillary wall has been
extended by numerous recent acquisitions [1]. An antigen
present in the glomerular capillary wall, whether it is intrinsic to
glomerular structures or not, forms ICs at the site of reaction
when it binds the relevant antibody. The expression and the
consequence of the antigen-antibody interaction, however, are
different according to the nature and the location of the antigen.
Non-movable structural antigens of the glomerular basement
membrane (GBM) such as laminin [2, 3], NCI domain of type IV
collagen [4] and heparan sulfate proteoglycans [5] can serve as
a target of the specific antibodies. The localization of antibodies
remains basically in the same area where the antigens are
originally located, and the IDs maintain a rather linear immu-
nofluorescence pattern. In contrast, in other types of glomeru-
lonephritis similarly characterized by the local formation of IDs
but involving movable antigens, the IDs reveal a rather granular
pattern by immunofluorescence technique. Examples of this
type of injury are diseases induced by implantation of a non-
glomerular antigen into the glomerular capillary wall and by
subsequent injection of specific antibodies, or by interaction of
antibodies with antigens expressed at the surface of glomerular
cells. For instance, granular IDs occur in glomeruli of animals
when cationic proteins are planted in the glomerular capillary
walls followed by injection of specific antibodies [6, 7]. More-
over, several antigens present in the plasma membrane of the
glomerular cells are redistributed upon reaction with circulating
antibodies. In passive and active Heymann glomerulonephritis
the most relevant antigen, a glycoprotein of 330 kD (gp330), is
expressed on the plasma membrane of the glomerular epithelial
cell (GEP), especially in the coated pits [8, 9]. Interaction of
antibodies with gp330 induces shedding of ICs from the surface
of GEP and formation of subepithelial IDs [10].
In a previous study we have described a model of nephro-
toxic glomerulonephritis induced by antibodies reactive with
angiotensin converting enzyme, an antigen expressed at the
surface of the glomerular endothelial cell (GEN) [11]. It was
shown that, when anti-angiotensin-converting enzyme antibod-
ies are injected in vivo, they induced initial glomerular lesions
characterized by IDs at the luminal side of the glomerular
capillary walls (Day 1), with subsequent localization of IDs in
the subepithelial area in the later stage (Day 3). It is proposed
that the translocation of these endothelial ICs across the GBM
is due to filtration pressure.
The rationale of the present study is based on the ability of
Helix pomatia agglutinin (HPA), a lectin with nominal speci-
ficity to N-acetyl-D-galactosamine [12], to bind to the surface of
GEN when the rat kidneys are first perfused with neuramini-
dase (NRD) and followed by HPA. Subsequent perfusion of the
kidney with rabbit antibodies to HPA induces antigen-antibody
interaction at the surface of GEN. The present study is de-
signed to investigate the events following the formation of ICs
by interaction of antibodies with an antigen "planted" at the
surface of GEN. The morphologic aspects and the mechanisms
involved in the formation of ICs and of IDs are discussed.
Methods
Animals
Female Wistar rats weighing about 225 grams, Japanese
white rabbits weighing about 2 kg and Balb/c mice weighing
about 20 grams were obtained from Chubu Kagaku Shizai Co.
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Table 1. Protocol for experiments of kidney perfusion and for induction of glomerulonephritis
Group Step I Step 2 Step 3 Step 4 Step 5 Exp ON"
1 Buffer HPA Buffer — — —
2 NRD HPA
NRD
Buffer — — —
3 Buffer HPA Buffer AHPAIgG Buffer Group 3E(N = 12)
4 NRD HPA
NRD
Buffer AHPAIgG Buffer Group 4E(N=12)
5 NRD HPA
NRD
Buffer NRbIgG" Buffer Group SE(N=9)
6 NRD NRD Buffer AHPAIgG Buffer Group 6E(N = 9)
7 NRD HPA
NRD
Buffer AHPAFab Buffer —
8 NRD HPA
NRD
Buffer
4°C
AHPAIgG
4°C
Buffer
4°C
—
9 NRD 1-IPA Buffer AHPALgG Buffer —
Cpza NRD
CPz
CPZ CPZ
Perfusion was carried out at 37°C if not otherwise specified.
° cpz, ehlorpromazine
b NRbIgG, normal rabbit IgG
AHPAFab, Fab fragments of AMPAIgO
ci ExpON, experimental glomerulonephritis (Groups 3E to 6E) initiated by revaseulization of the rat left kidney after perfusion according to the
protocol of Groups 3 to 6.
(Nagoya, Japan), and were allowed free access to food and
water.
Production of anti-HPA serum and purification of JgG and
Fab fragments
Affinity-purified Helix pomatia agglutinin (HPA) was ob-
tained from Sigma Chemical Company (St. Louis, Missouri,
USA). Rabbits were hyperimmunized with HPA emulsified in
complete Freund's adjuvant (Nakarai Chemicals, LTD, Kyoto,
Japan). Antisera were obtained and pooled. Complement was
inactivated by heating the antiserum to 56°C for 30 minutes.
The IgG fraction of the rabbit anti-HPA serum (AHPAS) was
purified by protein A affinity column chromatography (Bio-Rad
Laboratories, Richmond, California, USA). The purity of IgG
was established by the immunoelectrophoresis. The IgG frac-
tion formed a single precipitation arc against goat anti-rabbit
whole serum. The reactivity of the IgO fraction of AHPAS
(AHPAIgG, adjusted to 5.8 mg/mI) against HPA, was more than
1:4,000 as tested by enzyme-linked immunoadsorbent assay
(ELISA). Part of IgG was further treated with papain. Fab
fragments of AHPAIgG were obtained by gel filtration on a
Sephadex 0-100 column chromatography and removal of Pc
fragments by protein A affinity column chromatography. The
purity and the reactivity against HPA was assessed. By
Ouchterlony method, Fab fragments formed a single precipita-
tion arc against goat anti-rabbit IgG (Cappel, Westchester,
Pennsylvania, USA) but no precipitation was observed against
anti-Pc fragments of rabbit IgG (Cappel). By the sodium dode-
cyl sulfate polyacrylamide gel electrophoresis, the Fab frag-
ments formed a single band with an approximate molecular
weight of 50 kilodaltons. By ELISA, the reactivity of Fab
fragments of AHPAIgG (adjusted to 1.5 mg/mI) was more than
1:4,000. IgG fraction and Fab fragments were also obtained
using the same procedures from non-immune rabbit serum. Part
of the purified IgO was labeled with peroxidase (type VI,
Sigma) according to standard methods [13]. Anti-HPA antibod-
ies were also raised in Balb/c mice by subcutaneous immuniza-
tion with HPA emulsified in complete Freund's adjuvant and
mouse anti-HPA serum was used to detect tissue bound HPA
by indirect immunofluorescence microscopy technique.
Kidney perfusion technique
After ether anesthesia the left kidney of a rat was exposed by
a midline skin incision. Renal artery and vein of the left kidney
were cannulated with polyethylene tubes. For renal artery, a
tube with inner diameter of 0.28 mm and outer diameter of 0.61
mm (SP1O, Natsume Company, Tokyo, Japan) was used. For
renal vein, a tube with inner diameter of 0.80 mm and outer
diameter of 1.20 mm (SP55) was used. The perfusion buffer was
composed of NaC1 8.0 g/liter, KC1 0.20 g/liter, CaCl2 0.20
g/liter, NaH2PO4 . H20 0.05 g/liter, MgC12 . 6H20 0.10 g/liter,
NaHCO3 1.0 g/liter, at pH 7.4. Before perfusion, this buffer was
saturated with 95% 02 and 5% CO2 for at least one hour.
Kidney perfusion was carried out at the flow rate of 2 ml/min by
a peristaltic pump (Pharmacia LKB Biotechnology, Tokyo,
Japan). In some of the experiments, at the end of the perfusion,
the polyethylene tubes were removed and the circulation of the
renal artery and vein was restored by suturing the hole.
Protocolfor the experiments of kidney perfusion
Eighteen rats were divided into nine groups. Perfusion was
carried out according to the steps shown in Table 1. To study
the binding of HPA to the glomerular structure, the left kidneys
of rats of Group 1 and 2 were perfused with 10 ml of buffer with
or without 0.1 unit of neuraminidase (NRD, Test Neuramini-
dase, Hoechst-Behring, Marburg, PRO) and then perfused by
10 ml of buffer containing 200 jig of HPA with or without 0.1
unit of NRD. The perfusion experiments of Groups 3, 4, 5 and
6 were carried out to investigate the ability of AHPAIgG to
form ICs and to redistribute ICs in the glomerular capillary
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walls. In Groups 3 and 4, 7.5 mg of AHPAIgG in 10 ml of buffer
was further administered following the protocol of Group 1 and
2, respectively. In Group 5, the same amount of normal rabbit
IgG was perfused instead of AHPAIgG. In Group 6, HPA was
omitted from the protocol of Group 4. To test the influence of
the valency of the antibodies, 3.0 mg of Fab fragments of
AHPAS were used instead of the IgG fraction of AHPAS in rats
of Group 7. To study the participation of cytoskeletal function
in the formation of IDs, the influence of temperature and a drug
which suppresses the cytoskeletal function were tested. In
Group 8, the perfusion was carried out at 4°C.
In Group 9, rats were anesthesized by intraperitoneal injec-
tion with chlorpromazine (50 mg/kg) two hours before perfu-
sion, and chiorpromazine was also added to the perfusate (final
concentration 0.2 mM) following the same protocol of Group 4.
At the end of the experiments, a fragment of kidney tissue was
removed for the study by light (LM), immunofluorescence (IF),
and electron microscopy (EM). The rest of the kidney was fixed
by perfusion with periodate-lysine-paraformaldehyde (PLP) fix-
ative [14], and processed for immunoelectron microscopy
(IEM).
Protocol for the production of experimental
glomerulonephritis
In Groups 3, 4, 5 and 6 the left kidney was revascularized to
study the events following the initial formation of IDs by kidney
perfusion, and these groups were then designated as Groups
3E, 4E, SE and 6E, respectively (Table 1). Fragments of tissue
from the left kidneys were obtained 15 minutes, 2 days (Day 3)
and 6 days (Day 7) after revasculization and studied by LM, IF,
EM and IEM.
Histological and immunohistological study
For LM study, kidney tissue was fixed in 20% buffered
formalin overnight and embedded in paraffin. Two to three
micrometer tissue sections were stained with hematoxylin-
eosin and periodate acid Schiff. For EM study, small fragments
of tissues were fixed in 0.1 M phosphate buffer containing 2.5%
glutaraldehyde for two hours, then processed by 2% 0s04 for
two hours. Fixed tissues were dehydrated and embedded in
Epon 812. Ultrathin sections were double-stained with uranium!
lead and were observed by a JEM IOOCX electron microscope.
For IF study, rabbit IgG, rat IgG and rat C3 were detected by
direct IF technique with FITC-labeled goat antibodies to rabbit
IgG, rat IgG and rat C3 (Cappel), respectively. To assure the
specificity of the test, labeled goat anti-rabbit IgG was absorbed
with rat serum, and labeled goat anti-rat IgG was absorbed with
rabbit serum. For the detection of HPA, kidney tissues were
stained by indirect IF with mouse anti-HPA serum and FITC
labeled rabbit anti-mouse IgG absorbed with rat serum. After
washing in PBS, all sections were mounted in a medium
containing p-phenylenediamine [15] and observed by a Nikon
Optiphoto XF-EFD2 epifluorescence microscopy. For IEM,
the left kidney was fixed by perfusion with PLP fixative and
further immersed in PLP for four hours. Blocks of tissue were
washed with PBS containing 10%, 15%, and 20% sucrose. After
a final wash in PBS containing 20% sucrose and 5% glycerol for
one hour, tissue blocks were embedded in OCT compound
(Tissue-TEK, Miles Inc., Diagnostic Division, Elkhart, mdi-
ana, USA) and frozen in liquid nitrogen. They were kept at
—70°C until use. Five- to six-micrometer thick frozen sections
were placed on albumin coated slides and treated with PBS
containing NaBH4 (50 mg/dl) for 40 minutes. For the detection
of HPA, the sections were incubated with 1% normal rabbit
serum in PBS for 30 minutes and then incubated with peroxi-
dase labeled AHPAIgG for three hours at room temperature.
For the detection of rabbit IgG, the sections were first treated
with biotinylated goat anti-rabbit IgG overnight at 4°C and then
with peroxidase labeled streptoavidin (Biogenex Laboratories,
Dublin, California, USA) for two hours at room temperature.
All sections were then post-fixed with 2.5% glutaraldehyde in
phosphate buffer and incubated in 0.05 M Tris-HCI buffer
containing 0.02% 3,3 '-diaminobenzidine tetrahydrochloride
(DAB, Katayama Kagaku Kogyo Inc., Tokyo, Japan) for 30
minutes at room temperature. The sections were incubated for
another 1 to 1.5 minutes in 0.05 M. Tris-HCI buffer containing
0.02% DAB and 0.005% H202 at room temperature [16, 17].
The sections were osmicated, dehydrated and flat-embedded in
Epon 812. Ultrathin sections were observed by a JEM 100CX
electron microscope without further staining.
Measurement of urinary protein excretion
Rat urine was collected overnight every other day in meta-
bolic cages. Quantitative analysis of urinary protein was made
by sulfosalicylic acid method [18] using bovine serum albumin
as a standard.
Serum creatinine measurement
Rats were bled at Days 3, 5, and 7 by retro-orbital vein
puncture. Serum creatinine was measured by a creatinine
measuring kit, CRE(E) KAINOS DR-2300 (KAINOS Com-
pany, Tokyo, Japan). As a control rats were mononephrecto-
mized and bled two days (Day 3), four days (Day 5) and six days
(Day 7) after nephrectomy.
Measurement of anti-rabbit IgG and anti-HPA in the
circulation
The autologous response of rats to rabbit IgG and HPA was
detected by an ELISA assay. For the detection of anti-rabbit
IgG, each well was coated with 10 g/ml of normal rabbit IgG
overnight at 4°C. For the detection of anti-HPA, each well was
coated with 10 /.Lg/ml of HPA overnight at 4°C. The wells were
incubated with serum of rats in Groups 3E, 4E, SE and 6E.
Peroxidase labeled goat anti-rat IgG absorbed with normal
rabbit serum was used as a third layer. A 0.04% o-phenylene-
diamine containing 0.005% H202 was added to the wells, and
the reactivity of rat serum with rabbit IgG was then measured
by the optical density at 492 nm using a SLT-210 photoreader
(SLT Labinstruments, Austria).
Results
Experiments of kidney perfusion
When the kidney was perfused with HPA alone (Group 1),
binding of HPA was hardly detectable by IEM (Fig. 1 a). By way
of the contrast, when the kidney was perfused with NRD and
HPA (Group 2), diffuse binding of HPA was observed on the
surface of GEN (Fig. lb). Perfusion with AHPAIgG after
implantation of HPA on GEN surface (Group 4) resulted in the
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Table 2. Scrum creatinine level
Day 3 DayS Day7
Group 3E 0.81 0,12 0.75 0.09 0.61 0.09
N 7 6 6
Group 4E 0.83 0.1l 0.86 0.l4' 0.73 0.09
N 7 5 6
Group SE 0.86 0.28 0.64 0.08 0.66 0.05
N 4 3 3
Group 6E 0.82 0.20 0.88 0.21 0.69 0.11
N 6 3 3
Control 0.69 0.05° 0.66 009 0.66 0.16
N 5 5 5
There was no significant difference in serum creatinine level between
uninephrectomized control rats and rats of Group 3E, SE and 6E.
Serum creatinine level of rats of Group 4E slightly elevated at Day 3( P = 0.029) and DayS (" P = 0.027) in comparison with that of control
rats. Serum creatinine level was expressed by mg/dl and mean I SD.
Fig. 1. Experiments of the kidney perfusion (Group I and 2). Without
NRD treatment (Group I), the binding of HPA is hardly detectable (a).
With NRD treatment, the binding of HPA is detected by LEM using
peroxidase-labeled AHPAIgG on the luminal surface of the GEN (h)
(a, and b x 10,000)
formation of granular IDs along the endothelial layer of the
glomerular capillary walls (Figs. 2a, 3b). At higher magnifica-
tion, granular IDs were detected at the surface of GEN (Fig.
2b). When NRD was omitted (Group 3), the binding of rabbit
IgG and the granular IC formation was much less evident. In
rats of Groups S and 6, binding of rabbit IgG was not seen.
When the kidneys were perfused with Fab fragments of rabbit
AHPAIgG, instead of with IgG (Group 7), a diffuse binding of
antibody was seen at the surface of GEN, but granular IDs were
not observed (Fig. 3a). When the rat kidneys were perfused at
4°C (Group 8, Fig. 3c) or perfused in the presence of chlorpro-
mazine (Group 9, Fig. 3d), the binding of rabbit IgG was seen
diffusely along the glomerular capillary walls (Fig. 3d).
Experimental glomerulonephritis
Fifteen minutes after revascularization, abundant deposits of
rabbit IgG, rat C3 and HPA were observed by IF along the
glomerular endothelium in rats of Group 4E (Fig. 4a, b, c).
Deposits of rabbit IgG and rat C3 were much smaller in rats of
Group 3E and absent in Groups SE and 6E. When the kidneys
of rats of Group 4E were studied by IEM, granular IDs were
mainly detected between GBM and GEN (subendothelial
space; Fig. 6a). In rats of Group 4E massive accumulation of
platelets were seen in the lumen of glomerular capillaries (Fig.
Sa, b). The glomeruli of rats of Groups 3E, SE and 6E were
normal.
Two days after revascularization (Day 3), granular deposits
of rabbit IgG, rat C3 and HPA developed along GBM in rats of
Group 4E. By EM tiny subepithelial and larger subendothelial
dense deposits were detected (Fig. 6b). By IEM, granular
deposits of rabbit IgG were seen mainly in the subepithelial
area. Concomitantly the subendothelial deposits of rabbit IgG
greatly decreased (Fig. 6c). Infiltration of inflammatory cells in
the lumen of the glomerular capillaries was not a prominent
feature. In rats of Group 3E, IDs developed exclusively in the
mesangial area. The glomeruli of rats of Groups SE and 6E
remained consistently normal.
Six days after revascularization (Day 7), granular deposits of
rabbit IgG (Fig. 4d), rat C3 (Fig. 4e) were present in glomerular
capillaries of rats of Group 4E. Deposits of rat IgG were absent
or minimal. Likewise, HPA was hardly detectable. By trans-
mission EM the subepithelial deposits appeared larger (Fig. 6d)
than at Day 3, whereas subendothelial and mesangial deposits
were only occasionally seen. The study by IEM confirmed that
the large subepithelial deposits contained rabbit IgG (Fig. 6e).
By LM most glomeruli were normal. Only a few glomeruli
showed mild hypercellularity. In rats of Group 3E, deposits of
rabbit IgG were present only in the mesangium (Fig. 41), and the
absence of deposits in the GBM was confirmed in studies
performed by EM and IEM. The kidneys of rats of Group SE
and 6E were consistently normal.
Proteinuria
Rats of group 4E showed increased amount of urinary protein
excretion at Days 2 and 3. The proteinuria returned to normal at
Days 4 to S and at Days 6 to 7 (Fig. 7). Rats of group 3E, SE and
6E had no increase of urinary protein excretion throughout the
experiment.
Serum creatinine
The serum creatinine level of rats of Group 4E was slightly
increased at Day 3 and Day 5, and returned to normal at Day 7.
Serum creatinine levels of rats of Groups 3E, SE and 6E
remained normal throughout the experiments (Table 2).
Autologous response to rabbit IgG
Circulating rat anti-rabbit IgG antibodies were detected on
Day S in rats of group 3E and 4E (Table 3). On Day 7,
anti-rabbit IgG titers in rats of group 3E and 4E were higher but
the titer in each rat was widely dispersed. The titer in rats of
group SE was slightly increased on Day 7. Circulating anti-HPA
titer was not detected throughout the experiment.
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Fig. 2. Localization of rabbit IgG after kidney perfusion in rats of Group 4. Granular deposits of rabbit IgG at the surface of GEN are detected
by biotinylated goat anti-rabbit IgG and peroxidase labeled avidin. Note that finely granular deposits of rabbit IgG are exclusively localized at the
surface of the GEN (a). At higher magnification (b), granular deposits of rabbit lgG are detected at the free surface of the GEN (b, arrows). (a,
X 1,600; b, x 13,000)
Discussion
The aim of the present study was to investigate the mecha-
nisms of the local formation of ICs and of IDs and their
dynamics when antibodies react with an antigen planted on the
surface of GEN. First we used a model of isolate kidney
perfusion to study the interaction of HPA with GEN and the
ability of anti-HPA antibodies to redistribute this planted anti-
gen at the cell surface. When the glomeruli were treated with
NRD, a subsequent perfusion of HPA resulted in the binding of
HPA to the surface of GEN. Binding of HPA itself could not
induce the granular IDs. In contrast, granular IDs rapidly
developed after additional perfusion with IgG fraction of
AHPAIgG. Two mechanisms may account for the development
of granular IDs in this experimental setting. First, like in
passive Heymann nephritis 1101 and in experimental glomeru-
lonephritis induced by anti-endothelial antibodies [11], granular
IDs might be formed in situ by the mechanism of antibody-
mediated antigen redistribution [191. This hypothesis is sup-
ported by the observation that Fab fragments of HPA antibod-
ies could not induce the formation of granular IDs. It is well
established that redistribution of cell surface antigens or recep-
Table 3. Circulating rat anti-rabbit lgG antibodies detected by
ELISA
Day3 Day5 Day7
Group 3E 0.059 0.011 (4) 0.109 0.007 (4)° 0.741 0.282 (4)
Group 4E 0.039 0.000 (4) 0.069 0.007 (4)° 0.551 0.243 (3)
Group SE 0.052 0.010 (3) 0.058 0.006 (3) 0.080 0.012 (3)°
Group 6E 0.043 0.006 (3) 0.052 0.005 (3) 0.062 0.006 (3)
Normal rats 0.049 0.003 (13)
Titers are given in optical density at 492 nm (mean I SE).
Parenthesis gives the number of rats examined, P < 0.01 by Student's
1-test compared with the normal rats
tors is achieved only by divalent ligands which may cross-link
multiple reacting sites [20, 21]. The results obtained after
kidney perfusion performed at 4°C (Group 8) or in rats given
chiorpromazine (Group 9), a drug that inhibits the cytoskeleton
[22, 23], are also consistent with the hypothesis because phys-
iological temperature and integrity of the cytoskeleton are
required for antibody-mediated redistribution of cell surface
molecules [20] and for formation of IDs in adjacent extracellular
structures [22, 24]. Second, the granular deposits of HPA
p -I,
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Fig. 3. a. The binding of antibodies at the surface of the GEN after perfusion of the isolated kidney with Fab fragments of AHPAJgG following
the implantation of HIM in the surface ofthe GEN (Group 7). The antibodies are bound to the surface of the GEN but granular IDs are not seen
by IBM. b. The binding of rabbit IgG by the direct IF technique in a glomerulus of a rat of Group 4. Rabbit IgG is seen in a finely granular pattern.
In contrast, the binding of rabbit IgG in a rat of Group 8 (c) or group 9 (d) is diffuse along the glomerular capillary walls and fine granules are not
seen. (a, x 5,000; b, x 250; c, X 250; d X 250)
immune complexes could result from a simple aggregation of
antigens and antibodies at the cell surface. Since there might be
various molecules (glycoproteins, glycolipids, polysaccharides)
expressing glycoresidues reactive with HPA in the plasma
membrane of GEN, the two mechanisms proposed are not
mutually exclusive.
Glomerulonephritis was induced in kidneys sequentially per-
fused with NRD, HPA, and AHPAIgG, and then revascular-
ized. Fifteen minutes after revascularization, IDs containing
rabbit Igo, rat C3 and HPA developed in the subendothelial part
of the capillary wall. The localization of IDs was different from
that seen in the experiments of kidney perfusion. At least three
factors may account for this discrepancy. First, IDs initially
formed on the luminal surface of GEN may be forced into the
subendothelial area by the filtration pressure. Second, accumu-
lation and degranulation of platelets and deposition of comple-
ment were prominent, thus the acute inflammatory damage
which is commonly seen in the glomerular injury induced by the
antigen-antibody interaction at the luminal side of the glomer-
ular capillary wall [11, 25—28] might have loosened the attach-
ment of GEN to the GBM, making the subendothelial space
accessible to ICs, Third, the possibility should be considered
that ICs were initially formed in the area between the GEN and
the GBM, although in kidneys perfused with NRD and HPA,
the lectin was mainly seen at the luminal surface of the GEN.
ICs formed at the luminal surface of the GEN might be rapidly
dislodged by hydrodynamic forces and by inflammatory cells
[27, 29]. On the other hand, ICs in the area between the GEN
and the GBM could be formed later than those appearing at the
surface of GEN and persist longer because this area is less
affected by the sweeping plasma water currents.
Two days after revascularization, rats in Group 4E had IDs in
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Fig. 4. These pictures show results obtained by IF. Deposits of rabbit IgG (a), rat C3 (b) and HPA (c) are seen in the glomeruli of rats of Group
4E fifteen minutes after revasculization. Deposits of rabbit IgG (d) and rat C3 (e) are also detectable at Day 7 in rats of Group 4E. f shows deposits
of rabbit IgG in a glomerulus of a rats of Group 3E at Day 7. Note the strong IDs along the glomerular capillary wall in rats of Group 4E, whereas
rabbit LgG is seen only in the mesangium at Day 7 in a rat of Group 3E. (a, b, c, d, e, f: X 200)
the subepithelial area. It is possible that ICs formed on the
luminal side of GBM were forced by filtration pressure across
the GBM, whose permeability was increased by the inflamma-
tory reaction. Several studies indicate that ICs can migrate from
luminal side of the glomerular capillary wall to the subepithelial
space [11, 30, 31], possibly by dissociation of ICs and reaggre-
gation in the subepithelial area [32]. In passive Heymann
nephritis, antibodies to unpurified renal brush border prepara-
tions (Fx1A) first react with the plasma membrane of the GEN
and form granular IDs on the luminal side of the glomerular
capillary wall [33—35]. It is probable that part of these ICs
contribute to form subepithelial IDs. Roth, Brown and Orci
showed that HPA binds to the base of the foot process in
sections of normal Wistar rat kidney not treated with NRD [361.
Although we were not able to show unequivocal binding of
HPA to the foot process base in our perfusion system, it is
possible that less than detectable amount of HPA may bind the
base of the foot process and serve as a target for antibodies. The
results obtained in rats of Group 3E, however, are not conso-
nant with this interpretation, because IDs were not found in the
subepithelial space throughout the experiment. In contrast, in
rats of Group 3E, IDs were seen in the mesangial area from Day
3 onward. These mesangial IDs may result from lateral sweep-
ing plasma currents [37] or from phagocytosis of ICs shed into
the circulation. The difference in the localization of ICs be-
tween Group 3E and 4E is possibly due to the following
reasons. First, the amount of HPA bound to the surface of GEN
in rats of Group 4E was much larger than that in Group 3E.
Although quantitative data are not available in the present
study, the fact that HPA implanted on the surface of GEN
became detectable by LEM after treatment with NRD (Group 2)
suggests that exposure of terminal N-acetyl-D-galactosamine
residues by NRD increased the binding of HPA to the surface of
GEN. Consequently, more ICs were formed after administra-
tion of AHPAIgG in Group 4E than in Group 3E. In addition, in
rats of group 4E rat anti-rabbit IgG is detected as early as Day
5, and this autologous response may contribute to the growth of
subepithelial immune deposits. Second, in Group 4E, ICs
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Fig. 5. Transmission electron microscopic appearance of the glomeruli of rats of Group 4Efifteen minutes after revascularization. Accumulation
of platelets is seen in most of the capillary lumen (a). At higher magnification (b), aspects of degranulation are visible (arrows). (a, x 1,000; b, x
5,000)
formed on the surface of GEN induced a strong inflammatory
reaction characterized by platelet accumulation and mild pro-
teinuria, whereas these signs of injury were not present in rats
of Group 3E. Third, perfusion of the kidney with NRD itself
might increase the permeability of the glomerular capillary wall.
Kanwar and Rosenzweig reported that, after perfusion with
NRD, GEP appeared detached from the GBM and the perme-
ability of the glomerular capillary wall was increased [381. In
addition of the effect of NRD to GEP, NRD also alter the
anionic matrix of GEN in rats. Avasthi and Koshy demon-
strated by using the same protocol of Kanwar et at that the
glycocalyx at the luminat surface of GEN derives a majority of
its anionic groups from sialic acid residues and digestion with
NRD preferentially erases the binding of cationized ferritin on
the luminal and abluminat surface of GEN [39]. NRD treatment
also decreases the binding of cationized ferritin to the fenestral
glycocalyx. In the present study, the amount and the concen-
tration of NRD perfused was much less than that used by
Kanwar (0.01 U/ml in the present study vs. 1.0 U/mt in
Kanwar's experiment). The binding sites for HPA on the
surface of GEN are successfully exposed by relatively low
concentration of NRD without any morphological change of
GEP and GEN or proteinuria in rats treated with NRD alone
(Groups SE and 6E). In spite of these findings, the possibility
that NRD treatment may affect the glomerular permeability in
the initial stage of the present model of glomerutonephritis
should be entertained.
It should be noted that isolated perfusion of the kidney for
implanting a lectin on the GEN under the present condition
might not be physiological and it might have affected the
glomerular function. It is, however, unlikely that this technique
may have decreased the glomerular filtration, and the kidney
tissues appeared normal in the rats of Groups 3E, SE and 6E.
Even in Group 4E, tubulointerstitial structure and most glomer-
uli appeared normal. Moreover, the serum creatinine level in
the rats of Groups 3E, SE and 6E was not different throughout
the experiment from that of uninephrectomized control rats.
In conclusion, the results of the present study show that ICs
composed of non-glomerular antigen (HPA) and its antibodies
were formed on the surface of the GEN, and that these ICs
were rapidly redistributed and, in part, moved from the luminal
side to the subepithelial side of the glomerular capillary watt
forming local IDs. These findings have relevance for the under-
standing of the pathogenesis of glomerulonephritides character-
ized by "in situ" formation of ICs and IDs, for instance for
postinfectious forms of glomerutonephritis, because many bac-
teria have lectins on their surface [401.
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Fig. 6. Sequential localization of IDs in the glomerular basement membrane of rats of Group 4E. a, c, and e. The localization of rabbit IgG by
IEM. b and d. Transmission electron micrographs. a shows the localization of rabbit IgG 15 minutes after revasculization. b and c show the
localization of foreign deposits at Day 3. d and e show results obtained at Day 7. Note that IDs present exclusively in the subendothelial area fifteen
minutes after revasculization (a). At Day 3, they are seen as tiny subepithelial deposits (c, arrows), whereas only a trace amount of rabbit lgG
remain in the subendothelial area (c, arrowheads). At Day 7, subepithelial foreign deposits increase in size (d) and contain rabbit IgG (e), thus
indicating that they are IDs. (a, b, c, x 10,000; d, e, X 13,000)
* SE * *
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15
12
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Fig. 7. Urinary protein excretion (16 hours). There was mild and
transient proteinuria in rats of group 4E at Days 2 to 3, and returned to
the normal level at Days 4 to 5, and Days 6 to 7. Rats of group 3E, SE,
and 6E did not show significant increase of urinary protein. Symbols
are: Group 3E (c); Group 4E (0); Group SE (0); and Group 6E (0).
*: Significant (P C 0.05) between two groups. Data were shown by
mean + I standard error (SE).
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